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Cellular and cytokine responses in feathers of chickens vaccinated
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A B S T R A C T

In Marek’s disease virus infection, feather follicle epithelium (FFE) constitutes the site of

formation of infectious virus particles and virus shedding. The objective of this study was

to characterize cellular and cytokine responses as indicators of cell-mediated immune

response in FFE and associated feather pulp following immunization against Marek’s

disease. Analysis of feather tips collected between 4 and 28 days post-immunization

(d.p.i.) from chickens vaccinated post-hatch with either CVI988/Rispens or herpesvirus of

turkeys revealed that replication of these vaccine viruses started at 7 d.p.i., peaked by

21 d.p.i., and subsequently, showed a declining trend. This pattern of viral replication,

which led to viral genome accumulation in feather tips, was associated with infiltration of

T cell subsets particularly CD8+ T cells into the feather pulp area and the expression of

cytokine genes such as interferon-g, which is an indication of elicitation of cell-mediated

immune responses at the site of virus shedding.
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1. Introduction

Marek’s disease (MD) manifests mainly as lymphopro-
liferative and immune suppressive conditions in suscep-
tible chickens (Calnek, 2001). The causative agent, Marek’s
disease virus, MDV (currently known as Gallid herpesvirus-

2) belongs to the genus Mardivirus. The other two species of
the genus are Gallid herpesvirus-3 and Meleagrid herpes-

virus-1 (herpesvirus of turkeys or HVT) are naturally
occurring nononcogenic species. Strains belonging to these
three species are used as monovalent, bivalent or trivalent
vaccines (Churchill et al., 1969; Okazaki et al., 1970;
Rispens et al., 1972; Witter and Schat, 2003).
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MDV infection in the skin and associated feather follicle
epithelium (FFE) leads to the production of enveloped
infectious virus, which is shed along with feathers and
dander (Calnek et al., 1970; Beasley et al., 1970; Heidari
et al., 2007). For this reason, the FFE is important in
transmission of MDV and, hence, epidemiology of MD.
However, it has been demonstrated that MD vaccines are
unable to significantly reduce virus load in FFE (Eidson
et al., 1971; Abdul-Careem et al., 2007) and in the
environment (Islam and Walkden-Brown, 2007).

Recently, we found that infection with a very virulent
(vv) strain of MDV results in initiation of host responses in
feather tips characterized by the expression of cytokine
genes, predominantly IFN-g and infiltration of T cell
subsets, namely CD4+ and CD8+ T cells into feather pulp,
which was associated with a significant increase in viral
replication (Abdul-Careem et al., 2008a). It is not known
whether the commonly used MD vaccines elicit host
responses similar to vvMDV in feather tips. The objective of
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Fig. 1. Genome load (A) and gB transcripts (B) of CVI988 and HVT vaccines

in feather tips. The groups were as follows; CVI988 = chickens received the

CVI988 vaccine on the day of hatch, HVT = chickens received the HVT

vaccine on the day of hatch. The difference in genome load and viral

transcripts between observations was analyzed by t-test and comparisons

were considered significant at P� 0.05. a = significant when compared to

CVI988 genome load quantified on 4 and 7 d.p.i., b = significant when

compared to HVT genome load quantified on 7 d.p.i. and c = significant

when compared to HVT genome load quantified on 4 d.p.i.
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the study was, therefore, to investigate host responses in
feather tips following vaccination against MD.

2. Materials and methods

2.1. Vaccines

Two MD vaccines were used to immunize chickens.
CVI988 strain is an attenuated MDV currently categorized
under the species Gallid herpesvirus-2 and HVT is a naturally
occurring turkey herpesvirus categorized as Meleagrid

herpesvirus-1 species. These vaccines were supplied by
Merial Canada Inc. (Baie D’Urfe, Quebec, Canada).

2.2. Experimental design

Thirty, 1-day-old specific pathogen-free chicks were
randomly divided into three equal groups; two vaccinated
groups (CVI988 or HVT vaccination), and the control group.
The chickens were vaccinated subcutaneously on the day
of hatch as has been recommended by the vaccine
manufacturer (Baie D’Urfe, Quebec, Canada). The control
group was mock vaccinated with the vaccine diluent.
Feather tips were collected at 4, 7, 10, 14, 21 and 28 days
post-immunization (d.p.i.). On each of the 6 sampling days,
5 chickens per group were sampled.

2.3. DNA and RNA extraction and reverse transcription

DNA and RNA extraction from feather tips was carried
out using Trizol reagent (Invitrogen Canada Inc., Burling-
ton, Ontario, Canada) as has been described previously
(Abdul-Careem et al., 2006b). Reverse transcription of RNA
also has been described (Abdul-Careem et al., 2006b). The
template for reverse transcription consisted of 2 mg of RNA
(1 mg was used in the case of RNA extracted from the
feather tips of control and HVT immunized chickens
sampled at 4 d.p.i.).

2.4. Primers

Previously published primers were used for the
absolute or relative quantification of expression of target
genes (MDV glycoprotein (gB), HVT gB, IFN-a, IFN-g) and
b-actin that acted as the reference gene (Abdul-Careem
et al., 2006b, 2008a,b; Brisbin et al., 2007).

2.5. Real-time RT-PCR and PCR techniques

All the DNA and cDNA preparations were tested in real-
time PCR and RT-PCR assays, respectively, in LightCycler1
thermocycler, version 3.5 or LightCycler1 480 thermo-
cycler (Roche Diagnostics GmbH, Mannheim, State of
Baden-Wurttemberg, Germany) as has been described
previously (Abdul-Careem et al., 2006b, 2008b).

2.6. Immunohistochemistry technique

Feather tips of three animals per group per time point
were frozen and the immunohistochemistry technique
was employed for visualizing T cell subsets (CD4+ and
CD8+) according to the previously described methods
(Abdul-Careem et al., 2008a).

2.7. Data analysis

Cells counted in five fields of 40�magnification for each
chicken were averaged and subjected to statistical
analysis. Quantification of genome load of CVI988 and
HVT vaccines and expression of cytokine genes by real-
time PCR and RT-PCR was done as has been described
previously (Abdul-Careem et al., 2006a,b). Statistical
analysis of data was done using the t-test. Comparisons
were considered significant at P � 0.05.

3. Results and discussion

DNA extracted from feather tips originated from the
vaccinated chickens was analyzed by real-time PCR for
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CVI988 and HVT genome load (Fig. 1A). In the present
study, the pattern of CVI988 genome accumulation in
feather tips closely agrees with the observations made by
Baigent et al. (2005, 2006) in that CVI988 genome was
quantifiable from 7 d.p.i. with a peak at 21 d.p.i., followed
by a decline in genome load. Similar to the viral genome
load, CVI988 viral transcripts (Fig. 1B) gradually increased
beginning from 7 d.p.i., peaked by 21 d.p.i. and then
declined thereafter (P > 0.05). Though there is a lack of
information on the HVT genome load in feather tips, Islam
and Walkden-Brown (2007) showed that HVT genome
could be detected and quantified in dust collected from
poultry house environment starting at 7 d.p.i.; then HVT
genome load was increased by 28 d.p.i. and became steady
thereafter. In agreement with this observation, our study
showed that the HVT genome in feather tips was
quantifiable at 7 d.p.i., but the peak of HVT genome in
feather tips was much earlier than that quantified in
poultry house environment.

An increased infiltration of CD8+ T cells was observed in
response to vaccination at 7 d.p.i. and onwards (Fig. 2). The
Fig. 2. Infiltration of T cell subsets in longitudinal sections of feather proximal end

described for Fig. 1 a=feather follicle epithelium, b = feather pulp.
infiltration of CD8+ T cells was observed mainly in the
feather pulp area and not in the surrounding FFE.
Our previous observations have shown that in response
to vvMDV, both CD4+ and CD8+ T cells infiltrate into
the tissue (Abdul-Careem et al., 2008a). However, in the
present study, as illustrated in Fig. 3A and B, only the
infiltration of CD8+ T cells was significant in the vaccinated
chickens compared to the controls (P � 0.05). This suggests
a potential role for CD8+ T cells in clearing virus-infected
cells in FFE. T cells, particularly CD8+ T cells (Omar et al.,
1998) may play a role in vaccine-induced immune
response against MD. In agreement with this CD8+ T
cell-mediated immune function, the number of circulating
CD8+ T cells increases following vaccination with HVT
(Quere et al., 2005). Similar to HVT, CVI988 could also
induce the expansion of both T cell subsets in the spleen
(Gimeno et al., 2004). Furthermore, the studies conducted
by Morimura et al. (1998, 1999) indicated a clear function
of CD8+ T cells in response to CVI988 vaccination.

Relative concentrations of IFN-g and IFN-a genes in the
feather tips of vaccinated and unvaccinated chickens are
s in vaccinated and unvaccinated chickens. The groups were same as those



Fig. 3. Distribution of T cell subsets in feather proximal ends of vaccinated

and unvaccinated chickens. Group mean number of CD4+ (A) and CD8+

(B) T cells per 40� microscopic fields are presented and the error bars

represent standard error of the mean. d = significantly low when

compared to the CD8+ T cells in the same group, e = significantly high

when compared to the CD8+ T cell counts in the unvaccinated controls.

Fig. 4. Expression of IFNs in feather proximal ends of chickens vaccinated

with CVI988 and HVT vaccines and unvaccinated controls. (A) and (B)

show IFN-g and IFN-a mRNA expression, respectively. The groups were

same as those described for Fig. 1. Error bars represent standard error of

the mean. The difference in IFN transcripts between groups was assessed

by t-test and comparisons were considered significant at P � 0.05.

e = significantly high when compared to the gene expression in the

unvaccinated controls.

M.F. Abdul-Careem et al. / Veterinary Immunology and Immunopathology 126 (2008) 362–366 365
illustrated in Fig. 4A and B, respectively. In response to
CVI988 and HVT vaccination, the expression of IFN-g gene
showed a significant increase at 10 d.p.i. (P � 0.05).
Compared to the strong expression of IFN-g gene in
feather tips of chickens infected with vvMDV (Abdul-
Careem et al., 2008b), it appeared that there was a
relatively small, albeit statistically significant, increase in
the expression of IFN-g gene in feather tips of vaccinated
birds. Others have also shown the expression of IFN-g gene
in tissues other than feather tips. The expression of IFN-g
gene in splenocytes in response to HVT infection has been
shown (Djeraba et al., 2002). Also, IFNs have been shown to
curtail replication of CVI988 and HVT in vitro (Levy et al.,
1999). The present study provides evidence that both
CVI988 and HVT elicit the expression of IFN-g gene in
feather tips similar to that described previously for vvMDV
(Abdul-Careem et al., 2008a). The up-regulation of IFN-g
gene in feather tips in response to vaccination with CVI988
and HVT could be related to the antiviral activity of this
cytokine mediated through macrophage activation and
nitric oxide (NO) synthesis, similar to what has been
shown for MDV infection (Lee, 1979; Xing and Schat,
2000). In addition to these effects, IFN-g could play a role in
cytotoxicity against virus-infected cells mediated by CD8+
cytotoxic T cells (Whitmire et al., 2005).

Since feathers are involved in shedding of infectious
virulent MDV irrespective of vaccination and, conse-
quently, transmission of the virus to susceptible chickens
leading to lymphoproliferation (Calnek et al., 1970;
Beasley et al., 1970), the importance of the present study
is twofold. Both CVI988 and HVT vaccine viral strains are
capable of inducing an immune response characterized by
the expression of IFN-g and infiltration of T cell subsets
particularly CD8+ T cells into feather pulp, which is similar
to the host response shown for vvMDV infection (Abdul-
Careem et al., 2008a). However, the host responses
stimulated in feather tips by CVI988 and HVT vaccines
differ from those observed previously with vvMDV
infection (Abdul-Careem et al., 2008a). In our previous
study using a vvMDV strain, we noted a significant
infiltration of both T cell subsets as well as a consistent
up-regulation of expression of IFN-g gene in feather tips
between 7 and 14 d.p.i. However, vaccination with HVT or
CVI988 only led to infiltration of CD8+ T cells into feather
pulp and a transient up-regulation of IFN-g expression at
10 d.p.i.
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In conclusion, we have shown that MD vaccine viruses,
particularly CVI988 and HVT strains replicate in FFE and
elicit host responses characterized by the expression of
IFN-g and CD8+ T cell infiltration. These findings provide a
basis for future studies aimed at the development of
vaccines that could reduce shedding of virulent MDV from
infected chickens.
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